This report presents the results of coronary angiography in 76 asymptomatic aircrewmen with exercise testing responses suggestive of coronary artery disease. There were two subgroups: 18 men with normal resting electrocardiograms; and 58 men with a history of repolarization changes on their resting electrocardiogram after at least one normal ECG. Of the 76 men, 53% had angiographically demonstrated coronary artery disease, and many of them had high risk lesions. Fortyseven percent had no angiographic evidence of lesions and were recommended for return to flying status. Those individuals with normal ang.ograms will be closely followed at the USAF School of Aerospace Medicine in an effort to determine their natural history and prognosis. The findings in this study, the lack of significant complications resulting from coronary angiography, the concern for public safety, and the economics of maintaining a flying force all support the continued use of elective coronary angiography in selected asymptomatic aircrewmen. 
ization. 4 At the same time the USAF School of Aerospace Medicine (USAFSAM), the consultation referral center for aircrewmen with flying safety and health problems, began performing extensive cardiovascular evaluations on all referrals including those referred for noncardiovascular reasons. Epidemiological studies and clinical experience have demonstrated that an abnormal ECG response to exercise testing,5' 6 as well as resting repolarization changes (ST-depression or T wave abnormalities ),7. 8 are statistically associated with the future development of coronary heart disease events. Approximately 25% of the first episodes in the natural history of this disease are sudden death.9 10 Since even nonfatal myocardial infarctions can be incapacitating, the cardiovascular status of aircrewmen with these electrocardiographic abnormalities must be clarified in the interest of public safety.11 ' 12 Also, because of the large investment in aircrew training and the personal interests of each aircrewman pursuing a flying career, it is economically desirable to maintain aircrewmen on flying FROELICHER ET AL.
.status if possible. For these reasons, the USAFSAM has since February, 1971 , been performing elective cardiac catheterizations and coronary angiography on aircrewmen with abnormal electrocardiographic findings or other cardiovascular abnormalities. One hundred and seventy catheterizations have been performed at the USAFSAM and no major complications have occurred in asymptomatic individuals. These catheterizations were performed for diagnosis of suspected cardiomyopathy and mild valvular lesions as well as for coronary atherosclerosis.
This report deals with the USAFSAM experience in completely asymptomatic individuals who have had normal ECGs and subsequently developed repolarization changes and/or abnormal exercise ECG responses. Although these electrocardiographic findings have been statistically associated with later development of coronary artery disease, in any given patient they are not specific. 13 Exercise testing results can be especially misleading in individuals with pre-existing repolarization abnormalities. 14 the left anterior axillary line; lead Z connecting the fourth intercostal space on the sternum and a position directly opposite on the spine. In addition to the bipolar XYZ leads, standard leads I, II, aVF, V2 and V5 were recorded during the resting baseline period and at one minute intervals during recovery. The orthogonal ECG data were recorded continuously during exercise on a conventional strip chart recorder, displayed on a multi-channel oscilloscope and recorded on analog tape for permanent storage and subsequent computer analysis.'°T he baseline ECG was recorded with the patient resting in the supine position, and then with the subject standing for several minutes prior to exercise. A physician was in attendance at all times to monitor both the patient's condition and his ECG data. The patient exercised to his maximal effort unless the test was prematurely terminated by order of the physician according to standard exercise testing guidelines. 21 During the final minutes of exercise the patient's expired air was collected by the Douglas bag method and analyzed for maximal oxygen consumption and carbon dioxide production using Beckman gas analyzers. At the termination of exercise, the immediate recovery period was recorded for 45 sec in the upright position and then for at least 8 min in the supine position. Indirect cuff blood pressures vere obtained each minute throughout the entire procedure.
One millimeter or more of horizontal or downward sloping ST-segment depression in relation to the P-R segment in X, Y, or the standard leads observed during exercise and/or recovery was interpreted as an "abnormal" ECG response to exercise stress testing. This interpretation was made regardless of the degree of baseline ST-segment depression.
Individuals with abnormal exercise tests were offered the opportunity to undergo cardiac catheterization. If the results of this procedure showed Do abnormalities, the airman was returned to flying status. All the risks and possible complications were explained and informed consent obtained fro-i those who elected to have the procedure.
Cardiac catheterization was performed via a right brachial arteriotomy. Left ventricular end diastolic pressure and dP/dT were measured utilizing a #7 Tables 3 and 4 give the detailed angiographic findings in the 33 men with significant disease. Table 8 shows the patterns of exercise electrocar- diographic response in this subgroup of 58 men. The second column represents the vasoregulatory pattern described by Friesinger et al. 22 It has been proposed that this pattern is inconsistent with coronary artery disease; however, two of the six subjects in our study with this ECG pattern had significant disease. One of these individuals had three vessel disease with involvement of the left main coronary artery and the other had two vessel disease. The third and fourth columns of table 8 show that the arbitrary criteria used by some investigators requiring one millimeter of ST-segment depression in the ECG in addition to the preexercise ST-segment depression for an abnormal response does not differentiate those with significant disease from those without disease. The fifth column of table 8 shows that the presence of positional ECG changes does not preclude the existence of significant coronary artery disease. Table 9 delineates occurrence of and leads demonstrating ST-segment depression in the subgroup of 58 subjects with resting repolarization abnormalities. No particular time course or lead involvement differentiates those with coronary artery disease from those without disease. This report involves only a small number of asymptomatic individuals with abnormal maximal exercise tests who have had coronary angiography. However, the alarming incidence of significant high risk coronary artery lesions in many of them is important and hopefully will stimulate further studies. The USAFSAM electrocardiographic methods for detecting silent coronary artery disease are supported especially when the results are compared with the angiographic findings of asymptomatic individuals reported by other investigators.16 17, 23 These investigators have reported clinical findings in individuals referred for cardiac catheterization who were judged not to have symptomatic coronary artery disease. They reported finding an approximate 5 to 7% incidence of significant coronary artery disease determined by angiography and a 15 to 20% incidence of some degree of coronary artery disease revealed on angiography. Our figures of 43% and 53% respectively contrast sharply. The mean age of our asymptomatic individuals was about five years less than the mean age of the "control groups" in these earlier studies, yet we found a much higher incidence of angiographic coronary artery disease.
The etiology of resting electrocardiographic repolarization abnormalities (nonspecific ST-T The aim of the USAFSAM electrocardiographic screening methods was to improve flying safety but these methods are equally applicable to preventive cardiology. Since a mass modffication of the American life style as a means of reducing the incidence of coronary heart disease seems unlikely, identification of individuals with silent coronary artery disease should be emphasized. Efforts could then be concentrated on these individuals to encourage them to adopt a healthier life style to slow the progression of disease. Because of the lack of sensitivity, screening for silent coronary artery disease by serial resting ECGs is inadequate. Maximal exercise stress testing has a greater sensitivity, but suffers because of its lack of specificity, as illustrated by this report, and because of its expense. Technical advances in exercise electrocardiography may improve its specificity for silent coronary artery disease, but until that time the USAFSAM has proposed that the United States Air Force incorporate the double Master's tests as a required part of each periodic examination of flying 6{)3 personnel. We have also proposed a multiple risk factor screening protocol.30
